Objectives-To assess whether the scientific literature supports the hypothesis that workers exposed to sewage are at higher risk of hepatitis A (HA). Methods-All original papers reporting epidemiological studies published in English, French, or German which reported on the risk of HA infection in workers exposed to sewage were eligible. They were identified by several methods and each original paper was assessed independently with a checklist by two people. Studies were classified according to the strength of their design. Non-eligible studies were also examined to assess the impact of publication bias. If the risk estimates diverged widely, causes for heterogeneity were assessed. A distinction was made between seroprevalence studies based on subclinical HA (defined only by the presence of anti-HA antibodies) and clinical HA. Results-17 eligible studies were identified. No indication of an increased risk of clinical HA could be found. For seroprevalence the studies with the strongest design suggested a slightly increased risk of subclinical HA with an odds ratio (OR) <2.5. Heterogeneity was considerable and precluded a meta-analysis. Considering non-eligible studies would still decrease the OR. Conclusions-The systematic review does not confirm an increased risk of clinical HA in workers exposed to sewage. An increased risk of subclinical HA cannot be excluded but the association between seropositivity and exposure to sewage was not strong and became still weaker if publication bias was taken into account. (Occup Environ Med 2001;58:762-768) 
The prevalence of hepatitis A (HA) as defined by the presence of antibodies against HA virus (anti-HAV antibodies) increases with age and is inversely related to socioeconomic level. [1] [2] [3] [4] [5] The disease used to occur mainly in childhood, when it is mostly (70% of children <6 years of age) asymptomatic. As a result of better hygienic conditions, [6] [7] [8] children are nowadays less often infected. The disease is usually symptomatic among older children and adults, with jaundice occurring in more than 70% of patients. Adults are incapacitated for 4-6 weeks. 9 Eleven per cent to 22% of people with HA are admitted to hospital, and the case fatality rate is 1.8% in those older than 50. 5 The transmission of the disease occurs by the faecal-oral route. Thus, sewage workers might be at risk of HA through aerosols, [10] [11] [12] [13] [14] smoking, and eating. Younger sewage workers may now be at greater risk of HA than the older ones as they often have not been infected during childhood.
Opinions on the need to vaccinate sewage workers diverge widely. Whereas some authors recommend a systematic vaccination because of the increased risk found in sewage workers 1 8 15-21 others do not consider vaccination necessary. 5 22 23 Some occupational health specialists just recommend immunisation for "maintaining labor peace", 24 or to prevent litigation costs, 25 26 or only after evaluating the specific epidemiological situation. 27 The reasons for these diVerences are unclear and because no systematic review analysing the literature could be found, a systematic review was conducted. The purpose was to see whether the scientific literature supports the hypothesis Main messages x Studies on the incidence of clinical hepatitis A (HA) do not show an increased risk in workers exposed to sewage. x Seroprevalence studies may show a moderately increased risk of subclinical HA infection. x Results of seroprevalence studies may be flawed by several methodological factors.
Policy implications
x Systematic HA vaccination of every worker exposed to sewage will have little eVect on the incidence of clinical HA. x Vaccination of the heavily exposed workers may be of value but this has hitherto not been demonstrated.
that workers exposed to sewage are at higher risk of HA.
Methods
All original studies that were published in English, French, or German and that assessed the risk of HA in workers exposed to sewage were sought with several methods. A Medline search (Ovid software, 1966-99) was conducted (a) with text words ($=truncation symbol): drainag$ and hepatitis; (sew$ or sanita$) and hepatitis A; (b) with MeSH terms: sanitation or waste products and hepatitis or hepatitis A; drainage and hepatitis A; (c) with hepatitis A as MeSH term and sew$ as text word. All MeSH terms were "exploded" and the literature search was carried out again after completing the review. Secondly, the data base of the Unit of Occupational and Environmental Medicine (based on a manual search in Current Content Life Sciences 1200 and in journals for occupational health; period 1986-99) was used. Thirdly, the bibliography of each article included in the review was checked. Finally, two specialists in the field were asked for further (unpublished) literature. Both peer reviewed and non-peer reviewed journals were included. Because letters, abstracts, and governmental reports did not usually oVer a full account on a survey, this type of reference was not eligible. However, as non-publication in scientific journals may also be due to publication bias, clues to "grey" areas in the literature were searched for. The studies not published in English, French, or German were dealt with in a similar way but the source of information was restricted to the abstract or the figures and tables. To make comparisons between eligible and non-eligible literature easier the second is presented in a separate section of the tables. The impact of non-eligible literature is assessed in the discussion by comparing strength of design and results with those of published studies.
Each article was independently assessed by two occupational physicians with a checklist considering period and place, study design, eligibility criteria, selection and characteristics of the study population, exposure assessment, definition of outcome, biases, and confounding factors. Divergences were resolved by consensus. In cases of duplicate studies information from all publications was taken into account. No eligible studies were excluded on the basis of this assessment.
Firstly, the studies were classified according to the strength of their design (in order of decreasing strength: cohort, case-control, cross sectional, and case reports or series). Secondly, it was attempted to single out the most convincing studies and to assess an overall risk estimate based on those studies only. The quality criteria defined four categories ranging from 1 (not very convincing) to 4 (very convincing) (table 1 and table 2 ). Owing to the number of studies in each design stratum this could be done for the cross sectional studies only. If the risk estimates diverged widely, causes for heterogeneity were assessed.
The appraisal of the study characteristics raised some problems regarding vaccination, exposure definition, and risk estimates.
Whether HA vaccine was used at the time of the study is often not known either because it is not stated in the publication or because the study was carried out before the introduction of a vaccine. If no information on vaccination could be found, the period during which the study was conducted-or if not indicated, the year of publication-was used as an indicator of the probability of vaccination. A vaccination was considered as very unlikely if the study had been performed before 1992.
For this review an exposed worker was defined as a worker exposed to sewage. It was not possible to define the exposure more precisely with respect to minimal duration of employment, exposure intensity, frequency, or type. Indeed, exposure has mostly not been assessed objectively and the tasks of the workers are often described only very briefly. Thus, the use of a standardised terminology was not At least consideration of the three following variables: age, travelling in endemic areas, socioeconomic status (defined according to education, income, or another recognised classification system) If present consideration of locally important confounding factors-for example, consumption of shellfish (e) Control group:
The selection and the composition of the control group must exclude important flaws capable of introducing a bias *If no information on vaccination could be found, the period during which the study was conducted-or if not indicated the year of publication-was used as an indicator of the probability of vaccination. A vaccination was considered as very unlikely if the study was performed before 1992. possible and the terms used by the authors of the respective study had to be used in the tables. If no risk estimates were reported, crude odds ratios (ORs) and 95% confidence intervals (95% CIs) were calculated with the information available in the paper (program Epi Info; Center for Disease Control; Atlanta, GA, USA).
Results
The literature search identified 17 eligible studies: one historical prospective, 28 15 cross sectional, [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] and one descriptive. 44 They were conducted between the end of the 1970s and 2000 in eight countries, primarily European ones (10 studies). Two were carried out before 1992, the year used as an approximate surrogate for the introduction of vaccination. No randomised control trials and no casecontrol studies were identified. The same literature search identified five non-eligible studies: one cohort (research report), 45 one case-control (no published full account), 15 two cross sectional, and one descriptive (published in Italian, Greek, and Danish, respectively). [46] [47] [48] They were conducted between 1975 and 1998 in five countries (four in Europe). At least three studies were carried out in part before 1992, the year used as an approximate surrogate for the introduction of vaccination. Despite several attempts one paper 49 could not be obtained and it is not known whether it would have been eligible. 38 in the exposed group but none among the control group. As the available information is very limited no definitive conclusions could be drawn from four studies 33 36 37 39 (table 3) . 48 Notified cases of HA HA is a mandatory notifiable disease in Denmark The authors wrote that sewage workers "may be particularly at risk although the risk is still low".
NI=no information was found in the publication.
Excluding those four studies left five studies using three diVerent designs. All these studies but one were negative and the increased risk reported by Skinhoj et al 38 may also be explained by chance (increased risk based on three cases) or bias. Thus, the hypothesis of a more frequent and more severe HA in unimmunised sewage workers is not supported by these results. The non-eligible studies 15 45 48 are in line with this conclusion (table 3).
SEROPREVALENCE STUDIES
All eligible studies having determined seroprevalence were cross sectional. These 14 studies included 3065 exposed workers and 4110 control subjects. Importantly, the size of the control group was largely determined by one single study with 1831 control persons. 43 Regarding seroprevalence the 20 main comparisons yielded imprecise risk estimates ranging from 0.8 to 4.5 (figure 1). Whereas one study reported a significantly decreased OR 32 non-significantly increased ORs were found in 10 comparisons, 29 31 34 35 40-42 and definitely increased ORs (>3) were reported three times. 29 38 43 In five other comparisons weaker but significant ORs of 2.2 to 2.8 were found. 30 36-38 43 In one study non-significantly increased prevalence ratios were reported. 33 As these large diVerences in risk estimates suggested some heterogeneity, the influence of study population, confounding factors, exposure characteristics, definition of outcome measure, time period, and study quality was examined.
COMPARABILITY OF THE MAIN FEATURES OF THE CROSS SECTIONAL SEROPREVALENCE STUDIES
Prevalences of anti-HA antibodies ranged from 4% to 91% across the control groups of the diVerent studies. It is not possible to know whether the control groups were actually a representative sample of the general population or whether these diVerences were due to selection bias. Indeed, information on participation rates and representativeness are rather scarce (extra table on the online version of Occupational and Environmental Medicine). In the few studies that included two control groups, an influence of the selection of the control group on the ORs was evident. 34 38 42 However, there was no clear association between seroprevalence in control subjects and ORs across studies. Indeed, OR >3.5 (n=3), of 2.2 to 2.4 (n=4), and 1.2 (n=3) were associated with prevalences ranging from 30% to 48%, 14% to 51%, and 30% to 67%, respectively.
For confounding variables, age and sex may not have been comparable in the control and exposed groups of three studies. [41] [42] [43] Only three studies 29 30 33 out of 14 considered the three essential confounding variables (age, travelling in endemic areas, socioeconomic level) but they used diVerent approaches making direct comparisons diYcult. There was no obvious relation between methods used for controlling variables and risk estimates (fig 1) .
Similar considerations apply to vaccination and a meaningful analysis after stratifying according to vaccination was not possible because the necessary information was too scarce (web table) . That diVerences in exposure levels impact on the risk estimates is suggested by the findings of Brugha et al 29 and to some extent by those of Chriske et al 43 but this hypothesis could not be tested. In a few cases 29 30 a semiquantitative exposure assessment was done by managers or workers. In some other investigations the exposure was characterised by duration of employment. [35] [36] [37] [38] However, the definition diVered between studies or was unclear (duration of employment in the present plant only or during the whole working life). Finally, job name as the only exposure surrogate in some reports [41] [42] [43] is probably too simple an indicator. Indeed, exposure sources were very diVerent: work with raw sewage, 29 workers maintaining the flow of a section of a river polluted with waste water, 41 subjects working in the system of sewers, laboratory workers, 36 gully cleaners, cesspit emptiers, etc. 42 The composition of and the processes used to treat sewage are generally unknown. No objective exposure assessments were made in any cross sectional study. Therefore, it was not possible either to stratify the studies according to exposure or to test a doseresponse relation. Moreover, this issue was further complicated by misclassifications of exposure. Indeed, in some plants the workers carried out several tasks with and without exposure and were moving in and out of high risk jobs. It is currently hardly possible to assess the combined eVect of diVerence in exposure level and misclassifications on the ORs.
Figure 1 Cross sectional seroprevalence studies: ORs (95% CIs), and prevalence rates of seropositive subjects in the control groups. Closed triangles=adjusted ORs (95% CIs), (variables considered for adjustment not identical in all studies); closed squares=crude ORs (only crude ORs were given in the publication); open triangles=crude ORs (95% CI) calculated with the data available in the publication (no OR given by the authors); open circle=adjusted prevalence ratio (95% CI); closed circle=subjects matched on age, sex, and socioeconomic level; prevalence=prevalence rates of seropositive subjects in the control group(s). *Study population entered in
DiVerences in sensitivity and specificity of the test kits or diVerent definitions of a positive test result might explain some divergences. Unfortunately, methodological indications are scarce or even absent in some studies 35 36 41 43 and a stratification according to the method of determination of anti-HAV antibodies was impossible.
A decrease of the prevalence of HA infection with time is unlikely to explain the diVerences of ORs during the past 10 years. The prevalences ranged from 4% to 91% and 30% to 50% for the periods 1995-9 and 1990-4 respectively).
No useful information appeared from the case series and case reports. 24 64-72 FURTHER LITERATURE Several studies, the titles of which suggested that they could include useful indications 2 17 73-81 and recommendations of medical boards and books, 1 5 15 21 82-87 were also examined for further literature. Several reviews 6 8 16 18 19 23 26 27 63 68 71 88-98 were found but the interpretation of the older reviews was made diYcult by the lack of a serological diagnostic test or of reliable statistical data. It should be stressed however, that the reviews by Dixon and McCabe, 88 Safety Committee-California Water Pollution Control Association, 71 Clark et al, 89 and Clark and Linnemann 68 do not suggest a strongly increased risk of HA in sewage workers.
Discussion
A major question is whether the selection procedure has excluded studies quite diVerent from those meeting the eligibility criteria and whether there is some indication of publication bias. The exclusion of the two cross sectional seroprevalence studies which found either decreased 46 or increased risk, 47 would hardly have modified the results. Indeed, there was no diVerence pertaining to study design, exposure assessment, outcome measure, and results from the abstracts of these investigations. The same holds true for the descriptive study by Tornberg and Ronne. 48 By contrast, the exclusion of the cohort 45 and the case-control study 15 suggests an important publication bias. Indeed, both studies had a design stronger than the cross sectional one and included large study populations. Moreover, PHLS has conducted investigations of HA outbreaks and an increased risk of occupational exposure to sewage was not found 15 (the PHLS report summarises extremely briefly both one casecontrol study which should have been negative according to Maguire 60 and some additional investigations). Consequently, risk estimates calculated only on the basis of investigations published as a full account in scientific journals may represent an overestimation.
Thus, the risk of clinical HA is not increased in workers exposed to sewage, a conclusion supported by both eligible and non-eligible studies. By contrast, the results for subclinical HA, as defined by seropositivity, are somewhat confusing and we were unable to identify a single factor explaining the disparity of the ORs. However, prevalence rate of anti-HA antibodies in the general population, vaccination policy, lack of adjustment for important confounding variables, and diVerences in levels of exposure to sewage seem to be reasonable explanations. The respective impact of each factor is likely to vary from one study to another and the overall eVect is extremely diYcult to assess. Altogether, the analysis of the studies, having adjusted at least for age and socioeconomic level, suggests that the exposure eVect does not completely disappear after adjusting but that ORs are generally below 2.5 with the possible exception of heavily exposed subgroups. However, these risk estimates should be viewed with caution even if risk estimates of this magnitude may provide evidence of causal association. Indeed, risk estimates below 3 may be due to biases or confounding variables, which occurred fairly often (web  table) . Moreover, all studies on subclinical HA were cross sectional, a design not capable of controlling for seropositivity before employment. Finally, it is very disturbing that the only study with a stronger design 45 obviously conflicts with these conclusions.
Dose-response relations were often not examined, non-significant, or diYcult to interpret (details can be found on the online version of Occupational and Environmental Medicine). Moreover, misclassifications of exposure have probably confused the relation by either non-diVerential misclassification or combinations of misclassification and bias. Whereas non-diVerential misclassification reduces OR towards the null value a combination of bias and misclassification may increase the OR if a high seroprevalence actually due to socioeconomic level, country of origin, or travelling to endemic areas is falsely attributed by erroneous exposure assessments to heavy exposure.
No meta-analysis was done. Indeed, an overall OR could be misleading as meta-analysis cannot correct for biases or lack of consideration of confounding factors. Furthermore, a meta-analysis stratifying according to exposure level would have answered one of the most important questions, that of the dose-response relation, but this was not possible.
These results do not suggest that all sewage workers have to be systematically vaccinated against HA. Indeed, no clue to an increased risk of severe clinical infection was found, and no endemic outbreaks with severe course of HA among sewage workers were reported. As a dose-response relation was found in the best cross sectional study 29 this finding could be seen as supporting a dose-response relation and, thus, vaccination might be discussed for those workers heavily exposed to sewage. However, this conclusion refers to subclinical HA only and is based on a very limited set of data.
These results suggest that further research should use a cohort design (strength of the design), select the control population very carefully (immunisation and confounders), pay more attention to power (precision of the estimate), and define exposure levels accurately. Further cross sectional studies are unlikely to give new useful information especially because of the limitations of this study design.
To summarise, evidence suggesting an increased risk of HA in sewage workers is based on seroprevalence data from cross sectional studies and not on the incidence of clinical HA. The ORs of about 2 suggested by the most reliable cross sectional studies are in a range compatible with the eVect of biases or confounding factors, and publication bias might suggest values higher than those actually occurring. These conclusions are based mainly on investigations from Europe and North America and may not be generalisable to populations of workers with quite diVerent natural immunity.
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